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a  b  s  t  r  a  c  t
Resistive  respiratory  loading  is  an  established  stimulus  for the  induction  of  experimental  dyspnoea.  In
comparison  to  unloaded  breathing,  resistive  loaded  breathing  alters  end-tidal  CO2 (PETCO2), which  has
independent  physiological  effects  (e.g.  upon  cerebral  blood  ﬂow).  We  investigated  the  subjective  effects
of  resistive  loaded  breathing  with  stabilized  PETCO2 (isocapnia)  during  manual  control  of  inspired  gases
on  varying  baseline  levels  of mild  hypercapnia  (increased  PETCO2). Furthermore,  to  investigate  whether
perceptual  habituation  to dyspnoea  stimuli  occurs,  the  study  was  repeated  over  four experimental  ses- loading
sions.  Isocapnic  hypercapnia  did  not  affect dyspnoea  unpleasantness  during  resistive  loading.  A  post  hoc
analysis  revealed  a small  increase  of respiratory  unpleasantness  during  unloaded  breathing  at  +0.6  kPa,
the  level  that  reliably  induced  isocapnia.  We  did  not  observe  perceptual  habituation  over  the  four  sessions.
We  conclude  that isocapnic  respiratory  loading  allows  stable  induction  of  respiratory  unpleasantness,
making  it  a good  stimulus  for multi-session  studies  of  dyspnoea.
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O2 is well known to have its own  physiological effects, e.g.
iratory drive and upon the cardiovascular system (blood
 heart rate). Of particular interest in neuroimaging are
und effects of altered PETCO2 on the blood oxygen level
t (BOLD) response, the source of image contrast in FMRI
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Fig. 1. Schematic illustration of custom-built respiratory circuit. A facemask (7450 SeriesV2TM Mask, Hans Rudolph, USA) was connected to two sampling lines measuring
respiratory gases and respiratory pressure via polyethylene extension tubing (Vygon SA, Ecouen, France). One sampling line led to a pressure transducer (MP  45, ±50 cmH2O,
Validyne  Corp., Northridge, CA, USA) connected to an ampliﬁer (Pressure transducer indicator, PK Morgan Ltd, Kent, UK) and provided readings of current respiratory pressure
at  the mouth. Tidal CO2 and tidal oxygen were continuously sampled and analyzed using an infrared analyzer with side-stream sampling (Capnomac Ultima, Datex Ohmeda,
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Fig. 2. Timeline of experimental session. Each experimental session lasted 34 min. After an adjustment period of 5 min, baseline PETCO2 was determined. In the isocapnia
conditions, PETCO2 was  then increased according to condition (+0.4 kPa, +0.6 kPa, +0.9 kPa) and was kept stable at the target PETCO2 level. PETCO2 was allowed to freely vary
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Table  1
Participant characteristics. F = female, M = male.
Participant
number
Age (years) Sex Height (cm) Weight (kg) Fitness level Previous respiratory experience Worst previous breathlessness
1a 18 F 167 66 Casual sports None After rowing race
2 26 M 190 86 Frequent sports Mild allergy to dust mites During intense exercise in hot weather
3  23 F 158 50 Casual sports Diving After a long treadmill session
4 22 F 186 77 Frequent sports Plays wind instrument After a cross-country race
5 22 M 183 70 No sports None During the 1500 m run at school
6  21 M 162 48 No sports None None
7b 38 M 183 83 No sports Childhood asthma, diving,
respiratory  apparatus
Childhood asthma
8  22 F 149 50 Casual sports None None
9  18 M 170 65 Casual sports Diving After an intense period of running
10 23 M 183 79 Casual sports None After a long treadmill session
Median 22 177 68
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erformed to check for stability of mouth pressure ampli-
 heart rate over time.
One related-samples Friedman’s two-way analysis of vari-
ranks was performed for each dimension of the MDP
g all four experimental conditions (df = 3). Due to the
ry nature of this analysis and its primary aim of highlight-
tial changes in speciﬁc dimensions in order to focus future
 no corrections for multiple comparisons were applied.
alitative data
ative  data were entered into NVivo qualitative data anal-
are (QSR International Pty Ltd. Version 10, 2012). Each
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within each session (off1 = ﬁrst unloaded block, on1 = ﬁrst respiratory resistance
block).  Data presented averaged over all poikilocapnia and hypercapnia condi-
tions  (counterbalanced) sorted according to session (session 1 = ﬁrst experimental
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 amplitude increased variation in PETCO2 within a group
ticipants during poikilocapnia. Previous literature shows
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